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STUDIES RELATED TO WILDERNESS

The Wilderness Act (Public Law 88-577, September 3, 1964) and related 
acts require the U.S. Geological Survey (USGS) and the U.S. Bureau of Mines 
to survey certain areas on Federal lands in order to determine the mineral 
values, if any, that may be present. Results must be made available to the 
public and be submitted to the President and the Congress. This report 
presents the analytical results of a geochemical survey of the Barbours 
Creek and Shawvers Run Roadless Areas (08-183) in the Jefferson National 
Forest, Craig County, Va. The areas were classified as nonwilderness 
during the Second Roadless Area Review and Evaluation (RARE II) by the U.S. 
Forest Service, January, 1979, and designated wilderness study areas by the 
Virginia Wilderness Act of 1984, Public Law 98-586, October 30, 1984.

Abstract

Semiquantitative spectrographic analyses for 31 elements on 26 stream- 
sediment and 73 rock samples from the Barbours Creek and Shawvers Run 
Wilderness Study Areas, Craig County, Va., are reported here in detail. 
Atomic-absorption analyses for zinc in all samples are also reported. 
Brief descriptions are given of rock samples analyzed, which include 
sandstone, shale, and limestone. Localities for all samples are given in 
Universal Transverse Mercator (UTM) coordinates.



INTRODUCTION

The analyses presented in this report (Table 1) are of 26 stream- 
sediment and 73 rock samples from the Barbours Creek and Shawvers Run 
Wilderness Study Areas, Va. (Fig. 1). These were collected by F. G. Lesure, 
and J. R. Estabrook in October 1985. Stream sediment samples were collected 
from most of the small drainage basins in the study area. These represent 
several handfuls, randomly collected, of the finest sediment available at 
the sample site in the stream. Rock samples analyzed are described briefly 
in a separate section of this report. All are chip samples taken across 
bedding or layering over a measured thickness of representative material 
from outcrops or road cuts. The samples are representative of the major 
rock types exposed in the area. Some of the rock is partly weathered, but 
generally the freshest material available was sampled. Debbie Kay (USGS) 
made X-ray diffraction identification of manganese minerals. Maps showing 
sample localities and discussion of the results of the analytical work are 
given by Lesure and Estabrook (in press).

ANALYTICAL TECHNIQUES

Each sample was analyzed semiquantitatively for 31 elements by means 
of a six-step, D.C. (direct-current) arc, optical-emission spectrographic 
method (Grimes and Marranzino, 1968) by E. A. Bailey and Robin Sanchez in 
the USGS laboratories, Denver, Colo. In addition, most of the samples were 
analyzed for zinc by an atomic-absorption technique (Ward and others, 1969, 
p.20) by R. J. Fairfield and L. S. Laudon, USGS laboratories, Denver, Colo. 
The semiquantitative spectrographic values are reported as six steps per 
order of magnitude (1, 0.7, 0.5, 0.3, 0.2, 0.15 or multiples of ten of 
these numbers) and are approximate midpoints of geometric brackets whose 
boundaries are 1.2, 0.83, 0.56, 0.38, 0.26, 0.18, 0.12, etc. The expected 
precision is within one adjoining reporting interval on each side of the 
reported value 83 percent of the time and within two adjoining intervals 
96 percent of the time (Motooka and Grimes, 1976).

The visual lower limits of determination for the 31 elements that were 
determined spectrographically are as follows:

For those given in percent:

Calcium 
Iron

0.05
0.05

Magnesium 
Titanium

0.02
0.002

For those given in ppm:

Antimony
Arsenic
Barium
Be ryl1i urn
Bismuth
Boron
Cadmium
Chromium
Cobalt

100
200

20
1

10
10
20
10

5

Copper
Gold
Lanthanum
Lead
Manganese
Molybdenum
Nickel
Niobium
Scandi urn

5
10
20
10
10

5
5

20
5

Sil ver
Strontium
Thorium
Tin
Tungsten
Vanadium
Yttrium
Zinc
Zi rconium

0.5
100
100

10
50
10
10

200
10



80
°0
0'

co o.

U)

C
D -a o 3 o
 

-t> oo O
"
 

O c: o -J CL
 

oo C
D

C
O
 

C
O

38
°0
0'

E
X
P
L
A
N
A
T
I
O
N
 

* 
®
 M
a
n
g
a
n
e
s
e
 
m
i
n
e
 
or
 
pr

os
pe

cy
t

  
Ir
on
 
m
i
n
e
 
or

 
p
r
o
p
s
e
c
t
 

/
L
i
m
e
s
t
o
n
e
 
q
u
a
r
r
y
 

/
/
A

I
 
A
 
Sh

al
e 

b
o
r
r
o
w
 
pi
t 

S 
i1
i 
ca

 
sa

nd
 
or
 

qu
ar

 t
z 

i t
e 

q
u
a
r
r
y

Dr
y 

ho
le
 

/
}
^

B
as

e 
fr

om
 U

.S
. 

G
eo

lo
gi

ca
l 

Su
rv

ey
 

V
ir

gi
ni

a 
S

ta
te

 m
ap

, 
19

73
, 

1:
50

0,
00

0
15

 
K

IL
O

M
ET

ER
S

W
ild

er
ne

ss
 S

tu
dy

 A
re

as

5.
 

B
ar

bo
ur

s 
C

re
ek

6.
 

Sh
aw

ve
rs

 R
un

O
th

er
 W

ild
er

ne
ss

 S
tu

dy
 a

nd
 

ro
ad

le
ss

 a
re

as
1.

 R
ic

h 
H

ol
e

2.
 R

ou
gh

 M
ou

nt
ai

n
3.

 D
ol

ly
 A

nn
4.

 H
oo

p 
H

ol
e



Thirteen samples were analyzed for uranium by fluorometric methods by
J. D. Sharkey , USGS Laboratories, Denver, Colo., as follows:

ppm U ppm U

Sample: VSR 021 11 VSR 139 3.5
VSR 024 3.4 VSR 142 3.3
VSR 029 1.8 VSR 151 2.9
VSR 133 7.8 VSR 152 3.3
VSR 136 1.0 VSR 153 1.8
VSR 138 .8 VSR 157 3.5

VSR 161 3.5

ROCK DESCRIPTIONS 

Sample No. Description

VSR 001 1.5-m chip sample, sandstone, grayish-red-purple, medium- to 
coarse-grained, hematitic; contains abundant clay galls. 
Sp gr 3.00. Rose Hill Formation.

VSR 002 1.5-m chip sample, quartzite, white- to pinkish-gray, fine 
grained. Keefer Sandstone.

VSR 003 2-m chip sample, sandstone, pale-brown to grayish-red, fine 
grained, thin bedded. Juniata Formation.

VSR 004 2-m chip sample, chert and sandstone breccia, brown, limonite 
cement. Mineralized zone in Licking Creek Limestone.

VSR 005 1-m chip sample, sandstone, blackish- to dusky-red, very fine 
grained, hematitic; contains abundant greyish-red and dark- 
reddish-brown clay galls. Sp gr 2.95. Rose Hill Formation.

VSR 007 2-m chip sample, sandstone, blackish-red, fine-grained, thin 
bedded. Sp gr 2.84. Rose Hill Formation.

VSR 008 2-m chip sample, quartzite, pale-brown to grayish-red, fine 
grained, thin bedded. Tuscarora Quartzite.

VSR 009 1-m chip sample, sandstone, grayish-red-purple, very fine 
grained, hematitic. Sp Gr 2.84. Rose Hill Formation.

VSR 010 1.2-m chip sample, sandstone, very pale-orange to white, very 

fine-grained, quartzitic. Keefer Sandstone.

VSR Oil 1-m chip sample, sandstone, mode rate-yellowish-brown, medium- 
to coarse-grained, porous, fossiliferous, minor limonite stain 
and cement. Clifton Forge Sandstone Member, Keyser Limestone.

VSR 012 2-m chip sample, sandstone, blackish-red, fine-grained, slabby, 
hematitic. Sp gr 2.84. Rose Hill Formation.



VSR 013 Composite of chips from several boulders, sandstone, moderate- 
orange-pink to grayish-orange-pink, medium-grained, porous, 
fossiliferous, cross-bedded, friable, minor iron and manganese 
oxide stains. Clifton Forge Sandstone Member of Keyser Limestone.

VSR 014 2-m chip sample, sandstone and chert breccia, brown, limonite 
cemented. Mineralized zone in Licking Creek Limestone.

VSR 015 0.6-m chip sample, sandstone breccia, brown, limonite cement. 
Mineralized zone in Licking Creek Limestone.

VSR 019 1.2-m chip sample, sandstone, reddish-brown, limonite cement, 
fine-grained. Mineralized zone in Licking Creek Limestone.

VSR 020 1-m chip sample, sandstone, very-pale-orange to pale-brown,
medium-grained, porous, minor limonite cement. Clifton Forge 
Sandstone Member of Keyser Limestone.

VSR 021 1-m chip sample, shale, olive-black, fissile. Romney Shale.

VSR 024 1-m chip sample, shale, dark-gray, weathers tan, fossiliferous. 
Romney Shale.

VSR 029 1-m chip sample, shale, olive gray. Jennings Formation.

VSR 033 1.2-m chip sample, sandstone breccia, reddish-brown, limonite 
cement. Mineralized zone in Licking Creek Limestone.

VSR 034 Composite chip sample of two boulders, limonite containing 
sandstone and chert fragments, brown. Mineralized zone in 
Licking Creek Limestone.

VSR 035 1-m chip sample, sandstone, grayish-red to moderate-brown, 
very fine-grained, arkosic. Juniata Formation.

VSR 036 1-m chip sample, sandstone, light-gray, moderate-red stain, 
fine- to medium-grained. Keefer Sandstone.

VSR 101 2-m chip sample, sandstone. Keefer Sandstone.

VSR 102 1.5-m chip sample, sandstone, white to light-gray, fine- to 
medium-grained. Keefer Sandstone.

VSR 103 1.5-m chip sample, sandstone, blackish-red, fine-grained, hematitic; 
contains clay galls. Sp gr 2.92. Rose Hill Formation.

VSR 104 1-m chip sample, sandstone, light-grayish-orange, fine- to
medium-grained, thin bedded, cross-bedded. Keefer Sandstone.

VSR 107 1-m chip sample, limestone, medium- to olive-gray, fine-grained. 
Keyser Limestone.

VSR 110 2-m chip sample, sandstone, conglomeratic, white to light-gray, 
light-brown stain, medium- to very coarse-grained, some granules 
and fine pebbles, porous, fossiliferous. Clifton Forge Sandstone 
Member of Keyser Limestone.



VSR 111 2-m chip sample, sandstone, reddish-brown, limonite cement, 
porous. Mineralized zone in Licking Creek Limestone.

VSR 112 1-m chip sample, sandstone, pale-yellowish-orange, fine- to 
medium-grained. Keefer Sandstone.

VSR 113 0.7-m chip sample, sandstone, white to yellowish-gray, medium- 
to coarse-grained, porous, fossiliferous. Clifton Forge 
Sandstone Member of Keyser Limestone.

VSR 116 1.3-m chip sample, sandstone, grayish-red, medium-grained, 
hematitic. Sp gr 2.73. Rose Hill Formation.

VSR 117 1-m chip sample, sandstone, pale-orange to grayish-orange-pink, 
fine grained. Keefer Sandstone.

VSR 118 2.5-m chip sample, sandstone, very-pale-orange, fine- to medium- 
grained. Keefer Sandstone.

VSR 119 0.3-m chip sample, sandstone, dusky-red, fractured, very fine 
grained, hematitic, limonite in fractures. Sp gr 3.13. Rose 
Hill Formation.

VSR 120 1.5-m chip sample, sandstone, blackish- to grayish-red, fine 
grained, hematitic, small clay galls. Sp gr 2.98. Rose Hill 
Formation.

VSR 122 2-m chip sample, quartzite, moderate to moderate-orange-pink, 
fine-grained. Tuscarora Quartzite.

VSR 123 1-m chip sample, sandstone, grayish-orange. Juniata Formation.

VSR 125 2.5-m chip sample, quartzite, white to light-gray, conglomeratic, 
medium- to very coarse-grained. Tuscasora Quartzite.

VSR 126 1.5-m chip sample, sandstone, blackish-red, fine-grained, 
hematitic; grayish-red clay galls. Sp gr 2.89. Rose Hill 
Formation.

VSR 127 1.2-m chip sample, sandstone, blackish-red, fine-grained, 
hematitic. Sp. gr 2.88. Rose Hill Formation.

VSR 128 0.2-m chip sample, quartzite, light-gray, light-red stain, fine- 
to medium-grained. Tuscarora Quartzite.

VSR 129 1-m chip sample, sandstone, light-gray to tan, medium-grained,
fossiliferous, porous. Clifton Forge Sandstone Member of Keyser 
Limestone.

VSR 130 1-m chip sample, quartzite, light-gray, red stain, fine- to 
medium-grained. Tuscarora Quartzite.

VSR 131 1.5-m chip sample, quartzite, white to light gray, fine-grained. 
Tuscarora Quartzite.



VSR 132 2-m chip sample, sandstone, blackish-red, fine-grained, hematitic; 
minor moderate-red clay galls. Sp gr 2.95. Rose Hill Formation.

VSR 133 0.5-m chip sample, shale, dark gray, weathers light gray, small 
brachiopods, Romney Shale.

VSR 136 1.5-m chip sample, shale, medium-dark-gray to olive-gray. 
Jennings Formation.

VSR 138 1.2-m chip sample, shale, medium-dark- to -olive-gray. Jennings 
Formation.

VSR 139 1-m chip sample, shale, grayish-black, fissile. Romney Shale.

VSR 140 1.2-m chip sample, sandstone breccia, limonite cemented. Keefer 
Sandstone.

VSR 142 1-m chip sample, shale, dark-gray to black, Romney Shale.

VSR 143 1-m chip sample, quartzite, pale-moderate-pink to white, very 
fine-grained. Tuscarora Quartzite.

VSR 144 1-m chip sample, sandstone, light-gray, fine- to medium-grained. 
Keefer Sandstone.

VSR 145 1.7-m chip sample, sandstone, blackish-red, fine-grained, hematitic; 
minor grayish-red clay galls. Sp gr 2.87. Rose Hill Formation.

VSR 146 1.5-m chip sample, sandstone, light-gray, fine- to medium-grained. 
Keefer Sandstone.

VSR 147 2-m chip sample, quartzite, very-pale orange light-brown stain, 
fine-grained. Tuscarora Quartzite.

VSR 148 1.2-m chip sample, chert breccia, limonite cement, moderate- 
brown to grayish-red. Mineralized zone in Licking Creek Limestone.

VSR 149 1-m chip sample, sandstone breccia, limonite cement. Mineralized 
zone in Licking Creek Limestone.

VSR 151 1-m chip sample, shale, dark-gray, fissile. Romney Shale. 

VSR 152 1-m chip sample, shale, dark-gray, fissile. Romney Shale. 

VSR 153 1.5-m chip sample, shale, olive-gray. Jennings Formation. 

VSR 157 7-m chip sample, shale, dark-gray, fissile, fossiliferous. 

Romney Shale.

VSR 158 1.5-m chip sample, sandstone, brown, porous, fossiliferous,
limonite cement. Mineralized zone in Licking Creek Limestone.

VSR 159 Composite chips sample of several boulders, sandstone breccia, 
pale-yellowish-orange; manganese oxide cement, grayish-black. 
Clifton Forge Sandstone Member of Keyser Limestone. Manganese 
mineral probably lithiophorite.



VSR 160 1.5-m chip sample, sandstone, white to pinkish-gray, fine-grained 
Keefer Sandstone.

VSR 161 2-m chip sample, shale, olive-black. Romney Shale.

VSR 162 1-m chip sample, shale, white, very-pale-orange stain, fine 
grained. Keefer Sandstone.

VSR 163 1-m chip sample, sandstone, dark-grayish-red, fine-grained, 
hematitic. Sp gr 2.99. Rose Hill Formation.

VSR 164 1-m chip sample, quartzite, white to light-gray, fine- to medium- 
grained. Tuscarora Quartzite.

VSR 201 1-m chip sample, sandstone, blackish- to grayish-red, very fine 
grained, hematitic. Sp gr 2.97. Rose Hill Formation.

VSR 202 1-m chip sample, sandstone, brown, limonite cemented, fossili- 
ferous. Mineralized zone in Licking Creek Limestone.

EXPLANATION OF TABLES

The X and Y coordinates are Universal Transverse Mercator (UTM) grid, 
zone 17. The X coordinate is the easting value, in meters; the Y is the 
northing, in meters.

Iron, magnesium, calcium, and titanium, concentrations are reported 
in percent (pet); all others are in parts per million (ppm). Letters 
below chemical symbols indicate the method of analysis: s, six-step 
semiquantitative spectrographic method; aa, atomic absorption. Other symbols 
on the table are: N, not detected; --, not determined; <, amount detected 
is below the lower limit of determination, which is number shown; >, amount 
detected is above the upper limit of determination, which is number shown.

Elements looked for spectrographically but not found, except as noted, 
are listed below. The lower limits of determination for these elements 
are in parentheses.

For stream sediments: As (200); Au (10); Bi (10); Cd (20); Sb (100); 
Sn (10); W (50); and Th (100). Exceptions: Samples VRH 002, 028, 112, 
124, 200, 221, 226, 312, 333, and 337 reported to contain detectable Bi 
but less than 10 ppm; sample VRH 221 reported to contain 20 ppm Cd, and 
samples VRH 124, 301, 311, and 337 reported to contain detectable Cd but 
less than 20 ppm.

For rock samples: As (200); Au (10), Bi (10); Cd (20); Sb (100); 
Sn (10); Th (100) and W (50). Exceptions: Samples VRH 302, 303, and 304 
reported to contain detectable Bi but less than 10 ppm; sample VRH 019 
reported to contain 500 ppm Cd, samples VRH 031 and 201, 70 ppm Cd, and 
sample VRH 322, detectable Cd but less than 20 ppm; samples VRH 100 and 
331 reported to contain 20 ppm Sn, samples VRH 126 and 130 reported to 
contain detectable Sn but less than 10 ppm; sample VRH 332 reported to 
contain detectable W but less than 50 ppm.



REFERENCES CITED

Grimes, D. J., and Marranzino, A. P., 1968, Direct-current arc and alternating- 
current spark emission spectrographic field methods for the semi- 
quantitative analysis of geologic materials: U.S. Geological Survey 
Circular 591, 6 p.

Lesure, F. G., in press, Geochemical survey of Barbours Creek and Shawvers 
Run Wilderness Study Areas, Craig County, Virginia: U.S. Geological 
Survey Miscellaneous Field Studies Map MF-1914B, scale 1:48,000.

Motooka, J. M., and Grimes, D. J., 1976, Analytical precision of one-sixth 
order semiquantitative spectrographic analysis: U.S. Geolgoical Survey 
Circular 738, 25 p.

Ward, F. N., Nakagawa, H. M., Harms, T. F., and Van Sickle, G. H., 1969,
Atomic-absorption methods of analysis useful in geochemical exploration: 
U.S. Geological Survey Bulletin 1289, 45 p.



A
N
A
L
Y
S
E
S
 
OF

 
RO
CK
 
Sf
tl
PL

ES
 
F
B
O
H
 
B
A
B
B
O
O
R
S
 
C
R
E
E
K
 A
M
D
 
SH
A1
TY
EB
S 

EU
K 

W
I
L
D
E
R
N
E
S
S
 
ST
UD
Y 

AR
EA

S,
 
C8
RI
G

[N
, 

ho
t 

de
te

ct
ed

; 
<,

 
de

te
ct

ed
 
bu
t 

be
lo

w 
th

e 
H
a
l
t
 
of
 
de

ti
er

mi
na

tj
,o

]t
t|

sh
ow

ar
 >
V
 
de
te
rm
in
ed
 
to

 
be
 
gr
ea
te
r 

th
an

 
th
e 

va
lu

e 
sh
ow
n.
 1

Sa
mp

le

Y
S
R
0
0
1
 

V
S
H
D
Q
5
 

V
S
R
0
0
7
 

Y
S
R
0
0
9
 

V
S
R
0
1
2

V
S
R
1
0
3
 

V
S
R
1
1
6
 

V
S
R
1
1
9
 

V
S
R
1
2
0
 

V
S
R
1
2
6

V
S
R
1
2
7
 

V
S
R
1
3
2
 

V
S
R
1
4
5
 

V
S
R
1
6
3
 

V
S
R

r)
04

V
S
R
0
1
4
 

V
S
R
0
1
5
 

V
S
R
3
1
9
 

V
S
R
0
3
3
 

V
S
R
0
3
4

V
S
R
1
1
1
 

V
S
R
1
4
8
 

V
S
R
1
4
9
 

V
S
R
1
5
8
 

V
S
R
1
5
9

V
S
R
2
0
1
 

Y
S
R
2
0
2
 

V
S
R
1
4
Q
 

V
S
R
0
0
2
 

V
S
R
0
0
3

YS
R1
01
 

V
S
R
1
0
2
 

VS
R1
04
 

Y
S
R
1
0
7
 

Y
S
R
1
1
0

Dt
m 

x 
Ut

n 
y 

Fe
-p
ct
. 

Mg
~p

ct
. 

Ca
-p

ct
. 

Ti
-p

ct
. 

Hn
-p
pm
 

Rg
-p

pm
 

B-
pp
n 

Ba
-p
pa
 

Be
-p

pm
 

Co
-p

pm
 

Cr
-p

pa
s 

s 
 - 

 .:;: 
.  

s 
:': 

 "  
_ 

s 
- 

O'
-:
iS
s-
 

.: 
- 

s 
s 

.;;:
-\
S'
--
 

. 
s 

s 
s

5
6

9
,4

0
0

5
6
9
,8

«
4
0

5
7

0
,9

0
0

5
7

0
,0

7
0

5
7
2
,7

0
0

5
6

9
,4

0
0

5
7

1
,6

4
0

5
7
1
,4

8
0

5
7

1
,3

5
0

5
7

2
,4

2
0

4
,1

5
9

,7
4

0
4

,1
6

0
,4

4
0

4
,1

6
0

,3
7

0
4

,1
5

9
,6

5
0

4
,1

6
0

,7
5

0

4
,1

5
9

,7
4

0
4

,1
6

0
,4

4
0

4
,1

6
1
,1

4
0

4
,1

6
1
,6

2
0

4
,1

6
0

,1
7

0

1
0

.0
0

1
0
.0

0
1
0
.0

0
1

0
.0

0
1

0
.0

0

1
5
.0

0
1
0
.0

0
1

5
.0

0
1
0
.0

0
1

0
.0

0

5
7
1
,
4
8
0

5
7
0
,
5
6
0

5
7
3
,
7
9
0

5
7
5
,
4
2
0

5
6
9
,
4
6
0

5
7
2
,
6
5
0

5
7
2
,
5
4
0

5
7
2
,
9
2
0

5
7
9
,
4
7
0

5
7
9
,
4
7
0

4
,
1
5
8
,
3
5
0

4
,
1
6
0
,
9
7
0

4
,
1
6
1
,
1
1
0

4
,
1
6
1
,
6
4
0

4
,
1
6
0
,
5
1
0

4
,
1
6
1
,
0
5
0

4
,
1
6
1
,
2
5
0

4
,
1
6
1
,
1
4
0

4
,
1
6
1
,
4
0
0

4
,
1
6
1
,
4
0
0

4
,
1
6
2
,
7
7
0

4
,
1
6
2
,
5
1
0

4
,
1
6
1
,
5
1
0

4
,
1
6
3
,
6
2
0

4
,
1
6
0
,
4
9
0

5
6
9
,
3
3
0

5
6
9
,
3
3
0

5
6
9
,
1
8
0

5
6
8
,
8
4
0

5
.
0
0

1
5
.
0
0

1
0
.
0
0

1
0
.
0
0

1
5
.
0
0

1
0
.
0
0

1
5
.
0
0

7
.
0
0

2
0
.
0
0

2
0
.
0
0

5
6
9
,
0
2
0

5
7
4
,
3
2
0

5
7
7
,
1
8
0

5
7
8
,
5
9
0

5
7
8
,
4
7
0

4
,
1
6
0
,
3
8
0

4
,
1
6
2
,
2
0
0

4
,
1
5
9
,
4
9
0

4
,
1
6
0
,
8
6
0

4
,
1
6
1
,
1
1
0

1
5
.
0
0

2
0
.
0
0

1
5
.
0
0

1
0
.
0
0

1
0
.
0
0

1
0
.
0
0

5
.
0
0

5
.
0
0

.
1
5

.7
0

.
1
0

.1
0

1.
00 .1
5

2.
00

1.
50

!.
00

I.
00

1.
00

.0
5

.1
0 

.5
0 

.0
7 

.5
0 

.2
0

.0
7

.0
7

<.
02

<.
02

<-
02 .0
7 

<.
02

 
.0
3 

.0
2 

.0
5

.2
0 

.0
5 

.0
3 

.0
2 

<.
02

<.
02

 
<.

02
 

<.
02

 
<.

02
 

<.
02 ,0
2 

,0
2 

,0
2 

,0
2 

,0
2

.0
2

<.
02

<.
02 .0
2

.2
0

<
.
0
2
 

i 0
2 

X
.
0
2
 

<.
02

 
<.

02 .5
0 

.7
0

1
.
0
0
 

i
7
0

<.
02

X
.
0
2
 

X
.
0
2
 

X
.
0
2
 

5.
00

 
w
.
0
3

.2
0

.1
0 

.0
5 

.0
5 

.0
5

.0
5 

.0
5 

.0
5 

.0
7 

.0
5

.1
0 

.1
5

<.
05

 
.0
5

<.
05

<.
05

 
<.

05
 

<.
05
 

<.
05

 
<.

05

<.
05

 
<.

05 05 05 05

<.
05

 
<.

05
 

<.
05

 
X
.
0
5
 

.1
0

<.
05

 
<.

05
 

 C
.0

5 
<.

05
 

<,
05

<.
05

 
<.

05
 

<.
05

 
> 

.0
5 

X
.
Q
5

<.
05

<.
05

-'" 
<-

05

20
.0
0

&<
. 
.0
5

.
1
0
0

.1
50

.1
00

.1
50

.1
00

.1
00

.0
50

.2
00

.1
00

.1
00

.3
00

.2
00

.1
50

.1
00

.0
70

.0
15

.0
07

.1
00

.0
15

.0
10

.0
10

.0
15

.0
20

.0
10

.0
30

V
1
0
0
 

;.
02
0 

.1
00

 
.0
50
 

.5
00

.0
70

,0
20

.0
20

.0
50

.0
07

.5
00

.5
00

.5
00

.5
00

.0
20

.0
50

.0
50

.0
50

,0
20

.0
15

10
0 

15
0

>
5
,
0
0
0
 

10
0 

15
0

15
0

20
0

15
0

15
0

20
0

20
0

1,
00
0

15
0

5,
00

0
>
5
,
0
0
0

15
0

1,
00
0

1,
00

0
10
0

>
5
,
0
0
0

  '.
-:¥
#
 -
50
 

K
1
,
0
0
0
 

>
5
,
0
0
0

1,
00

0
1,

00
0 20 50
0

*
 
30

0



p'
f&

BL
E'

-1
. 

AH
AL

YS
ES

Sw
i^

^'
f^

".
: 

?"
;?

 
VI
BG
IN
IA
--

Co
nt

in
ue

d

Sa
mp
le

V
S
R
0
0
1
 

V
S
R
0
0
5
 

V
S
R
0
0
7
 

V
S
R
0
0
9
 

V
S
R
0
1
2

V
S
R
1
0
3
 

V
S
R
1
1
6
 

V
S
R
1
1
9
 

V
S
R
1
2
0
 

V
S
R
1
2
6

V
S
R
1
2
7
 

V
S
R
1
3
2
 

Y
S
R
1
4
5
 

V
S
R
1
6
3
 

V
S
R
O
O
U

V
S
R
0
1
U
 

V
S
R
0
1
5
 

V
S
R
0
1
9
 

V
S
R
0
3
3
 

V
S
R
0
3
4

Y
S
R
1
1
1
 

Y
S
R
1
4
8

V
S
R
1
5
8
 

T
 S
B 
15
 9.

V
S
R
2
0
1

V
S
R
0
0
8
 

V
S
R
0
1
0
 

V
S
R
0
1
1
 

Y
S
R
0
1
3
 

V
S
R
0
2
0

7
0
0

5
0
0

2
0
0

2
,
0
0
0

2
,
0
0
0

2
0
0

5
,
0
0
0

7
0
0

30
0

1
,
5
0
0

"
~

~
~

"
''s

l|
||
|l
||
||
5
fc

^
R

il
G

:
;'c

O
D

H
Jl

V
; 

^
^
^
^
K

^
i
l
l
i
-
^
' 

' v
V

tv
J^

 -
^

Z
n-

pp
m

 
Z

ir
-p

pi
i 

Z
n-

pp
m

 
U

-i
n
st

.:"
 s

 
, 

  \
,x

;!"
S;S

;'V
V-

-:'
;.;'-

%,
.. a

 a 
" 

 '  
 :

1
1
.
0
 

3
.
U
 

1.
8



S
an

 p
ie

V
S

R
11

2
V

S
R

11
3

V
S

R
1 

17
V

S
R

1
1

8
V

S
R

1
2
2

V
S

R
1
2
3

V
S

R
1
2
5

V
S

R
1

2
8

V
S

R
1
2
9

V
S

R
1
3
0

V
S

R
1

3
1

Y
S

B
1

3
3

V
S

R
1

3
6

V
S

R
1

3
8

V
S

R
1
3
9

V
S

R
1
4
2

V
S

R
1
4
3

V
S

R
1
4
4

V
S

R
1

4
6

V
S

R
1
4
7

V
S

R
1

5
1

V
S

R
1
5
2

V
S

R
1
5
3

V
S

R
1
5
7

V
S

R
1
6
0

V
S

R
1

6
1

V
S

R
1
6
2

V
S

R
1
6
4

'" 
^
M

i*
-
*
 

';

' 
 

 
-
 
-
W

 
V

' 
' 

' 
- 
-
'
-
 

,
-
 
 
 
'
"
'
 

 :
 

' 
.
' 

~
L

--.
- 
  
 .
  
.-

 .
-
 

' 
- 

- 
-/

 -
 

  
: 

  
'

5
6
8
,9

5
0

5
6
9
,4

1
0

5
7
0
,9

5
0

5
7
0
,2

9
0

5
7
2
,4

6
0

5
7

2
,1

6
0

5
7
2
,3

6
0

5
7
1
,9

4
0

5
6
9
,6

5
0

5
7
2
,7

4
0

5
7
0
,4

7
0

5
7
0
,2

6
0

5
6

9
,1

6
0

5
7
0
,7

0
0

5
7
0
,8

5
0

5
7
0
,0

7
0

5
7
2
,9

6
0

5
7
3
,7

6
0

5
7
4
,4

5
0

5
7

4
,4

9
0

5
7
7
,8

3
0

5
7

8
,0

7
0

5
7
8
,1

2
0

5
8
1
,8

7
0

5
7
8
,1

3
0

5
8
0
,6

3
0
;

- 
' 

5
7
9
,7

6
0

5
7
5
,5

5
0

v 
O

t«
 

y
 "

.y
j?

4
,1

5
9

,7
7

0
4
,1

6
1
,2

7
0

4
,1

6
0

,4
0

0
4

,1
6

0
,6

8
0

4
,1

6
0
,2

1
0

4
,1

6
0

,1
7

0
4

,1
6

0
,1

6
0

4
,1

5
9

,6
8

0
4

,1
6

1
,5

4
0

4
,1

6
0

,3
9

0

4
,1

6
0

,9
0

0
4

,1
6

1
,8

1
0

4
,1

6
1
,8

7
0

4
,1

5
2

,2
3

0
4

,1
6

2
,0

2
0

4
,1

6
2
,7

4
0

4
,1

6
0

,5
2

0
4

,1
6

1
,0

9
0

4
,1

6
1
,5

0
0

t*
, 
1

6
1

, 
6
7
0

4
,1

5
9
,9

5
0

4
,1

5
9
,5

5
0

4
,1

5
9
,4

2
0

4
,1

6
3

,3
9

0
4
,1

6
2
,3

4
0

4
,1

6
2

,3
4

0
4
,1

6
2
,9

5
0

4
,1

6
0

,9
5

0

F
e

-p
c
t,

- 
s .1

5
.1

0
.1

5
.1

5
.1

5

.3
0

.1
0

.1
0

.0
7

.2
0

.2
0

3
. 

C
O

5
.0

0
5
.0

0
3

.0
0

3
.0

0
.1

5
<

.0
5

.1
5

.1
5

5
.0

0
5

.0
0

5
.0

0
7

.0
0

 1
0

f;
2
';
w

S
^
' 
^
t
l
Q

J
M

j.
T.'

:.:
r:
.,
1
5
,/
-

H
g

-p
c
tc

s .0
2

<
.0

2
<

.0
2

<
.0

2
<

.0
2

.0
3

<
.0

2
<

.0
2

<
.0

2
<

.0
2

<
.0

2
.3

0
.7

0
.7

0
.7

0

.5
0

.0
2

<
.0

2
X

.0
2

<
.0

2

.5
0

^ 
;.s

o
.7

0
; .5

0
7

5
-%

<
'..

0
2

 
..-

,

3
tii

fo
:ii

^
ii
<

'l
Q

2
''
K

^;
.«

!:X
.0

2

C
a

-p
c
t 

.
s

<
.0

5
<

.0
5

<
.0

5
<

.0
5

<
.0

5

<
.0

5
<

.0
5

<
.0

5
<

.0
5

<
.C

5

<
.0

5
<

.0
5

<
.0

5
<

.0
5

5
.0

0

.1
0

<
.0

5
<

.0
5

<
.0

5
<

.0
5

<
.0

5
<

.0
5

<
.0

5
<

.0
5

X
.0

5

^v
<»

o5
' 

;
r

K
;:
'<

.0
5

 
- -

;

<
.0

5

T
i-
p

c
t.

s .0
3

0
.0

2
0

.0
1

5
.0

2
0

.1
5

0

.0
7

0
.0

1
0

.0
0

7
.0

5
0

.1
5

0

.0
7

0
.3

0
0

.5
0

0
.3

0
0

.3
0

0

.5
0

0
.1

5
0

.0
1

5
.0

1
5

.0
2

0

.3
0

0
.3

0
0

.3
0

0
.3

0
0

 0
2

0
 
i
^

:":
;^

^
S

^
'^

 >
0
2
6
;;
:>

iA
-;

.U
-.

.0
7
0
.^

if
y

M
n-

pp
m

s

70 2
0

3
0
0

7
0
0

1
0

0

1
0
0

3
0
0

1
,0

0
0

2
0
0

1
5
0

5
,0

0
0

1
5

0
7
0
0

7
0
0

1
,0

0
0 5
0

1
0

0
2

0
5

0
5
0
0

3
0

3
0

7
0
0

5
0 IS
 

 

S
fe

s
o

^
||;

^|
C

10
0.

.;V
'.

^
y
f;
4
2
0
-.

^

A
g
-p

p
m

 .- 
' -'s

:' 
- *,

'"
x.

s"
N

1
.0 N

<
'5 N N

<
.5 K N N

1
.0 N N N  5

<
.5 H N * .5 N S

<
.5 R7

: ;v

-&
ilp

!
»  -.

'.v
^:"

- 
..

jJ
S

lli

;v
:/
<

,|
5

:;;

B
-p

pm
 

B
a

-p
p

m
 

B
e

-p
p

m
tV

;;'
 V

 'y
S

 _ 
.:

3
0

0
5
0

5
0

2
0

0
1
5
0

5
0 1
0

5
0

2
0

5
0

3
0

1
5

0
1
5

0
1
5
0

2
0
0

2
0

0
1
0

0 1
0

5
0

2
0

3
0

0
2

0
0

2
0
0

3
0

0
1
5
0

Il
io

i
|f
f|
2

0
0

/
^3

1
5
0
^.

.'. f
v
 V

../
S

./ 
:,, 

' 
s

- '. 
y:

!v
'.'

--
;';

"-
:-
/-

-:
' 
 

-

^ 
2

0
 

<
1 

  
0

; 
2

0
 

<
1
.0

- 
<

2
0
 

<
1
.0

2
0
0
 

<
1
.0

5
0

 
<

1
.0

7
0

 
<

1
.0

<
2

0
 

<
1
.0

3
0

 
<

1
.0

<
2
Q

 
<

1 
. 

0
5
0
 

<
1
.0

1
0
0
 

<
1
.C

5
0
0
 

1
.0

7
0
0
 

1
.0

7
0
0
 

1
.0

2
,0

0
0

 
<

1
.0

7
0
0
 

1
.0

7
0

 
<

1
.0

N 
<

1
.0

2
0

 
<

1
.0

<
2
0
 

<
1
.0

1
,5

0
0

 
<

1
.0

1
,0

0
0

 
1
.0

5
0
0
 

1
.0

5
0
0
 

1
.0

,:s
!-
,;
|i

v5
<

2
0

; 
..' 

..,
 

H 
 :

^
S

^
i^

'^
J
S

^
-V

^
'V

'-
'.
 .' 

.)'-
-. 

. 
-- 

' 
.;

.;'
 

l§
l^

^
|
A

O
l;
iM

l.
.
 0

-.
;-

;;

^
^
^
Il
iS

i'
S

O
  

' :
§

 ,
 <

 1
 .
 0

 :'
"J

/:

^
^
 
 
<

2
0

 
,,

v
;<

1
.0

 
.;

C
o

-p
p

m
s

N N N N N N N N N N 7 H
3

0
3

0 7 N H N K
<

5 N K
15 <
5

;,
'^

.:
i,J

L
iil

iil
j

>
-,

::
-.

^
;

:̂;)

.^:
;>

-./
;,-

v^
it..

v

C
r-

p
p

m
5

H N N N
<

1
0

<
1

0 N N N N N
1

0
0

1
5

0
1

0
0

7
0

15
C N N N N

1
0

0
7

0
1

0
0

1
0

0
_,

 ,
;;
;;
- 

N

S
ip

ol
iM

lK
P

^'
'"

;^
|f|

|-^
:N

 ;
-



Sa
mp
le

V
S
R
1
1
2
 

Y
S
R
1
1
3
 

Y
S
R
1
1
7
 

V
S
8
1
1
8
 

V
S
R
1
2
2

V
S
R
1
2
3
 

V
S
R
1
2
5
 

V
S
R
1
2
8
 

V
S
R
1
2
9
 

V
S
B
1
3
0

V
S
R
1
3
1
 

Y
S
R
1
3
3
 

V
S
R
1
3
6
 

V
S
R
1
3
8
 

V
S
R
1
3
9

V
S
R
1
U
2
 

V
S
R
1
4
3
 

V
S
R
1
W
 

V
S
R
1
U
6
 

V
S
R
1
U
7

V
S
R
1
5
1
 

V
S
R
1
5
2
 

V
S
R
1
5
3
 

V
S
R
1
5
7
 

V
S
R
1
6
0

V
S
R
1
6
1
 

V
S
R
1
6
2
 

V
S
B
1
6
U

TA
B

LE
 

1
. 

A
N

A
LY

SE
S 

O
F 

RO
CK

 
SA

M
PL

E
S 

FR
O

M
 

H
A

R
B

O
U

R
S 

C
R

EE
K

 
AN

D 
SH

A
W

V
ER

S 
RU

N 
W

IL
D

E
R

N
E

SS
 

ST
U

D
Y

 
A

R
E

A
S,

 
C

R
A

IS
 

C
O

U
N

T
Y

,-
\:»

-.-
s;-

..>
^v

**
-'?

.-.
^^

^^
 

-V
IR

G
IN

IA
 C

o
n

ti
n

u
ed

 .,
.-.

 
:/

x.
.-

.^
.-

.:-
o.

^.
-:

.^
~.

- 
. 

.  
.'.

   
 ^

^-
   

- :
'.^

-<
-$

--
&

.,^
-^

lf
?
:;

;7
^
^
M

^
^

CU
-P

PB
 

La
-p
p«
||
j!
o-
pp
m 

Nb
-p

p»
| 

Hi
-p
pm
 ;

 
Pb
-p
p»
 

Sc
-p
pa
 

Sr
-p
pn
 

V-
pp
m 

Zn
-p

pa
>>

.-
' 

'-
,,

 S
 .

.-
 

. 
".

."
 

- 
' 

" 
- -.

 
S
 

-'"
 .-

  
= '

? 
':

7;
';
i^
' 

'-
-,

' 
-'

 S
-
 "

 "-
'.'

 -
'.
'r
-.
V-
. 

-> 
- 
''
.,
..
- 
 
S
 

'-
>:
  
! 
;:"

.'
 '

"-
- 

 V
"

1"-
.'
**
''
'.
S 

- 
' 

V.
''
" 
 .
';

. 
."

" 
- 

S
 

S
 

. 
' 

.
S
 

' 
 
 
-
.
 

_'.
. 

..
..

.S
 
".
--
 

S
 

' 
..
""
..
 
S
 

-'
~ 

'.
'"
. 
' 

' 
5

20 2
0

<
5 N N N

2
0
2
0 20 15 N

2
0 N
<5

<
1
0
0
 

<
1
0
0
 

<
1
0
0
 

<
1
0
0

<
1
0
0

5
0
0
 

<
1
0

7
.8

 
1

.0
4

'^
 

3
*5

2
.9

 
3 

. 3
 

1
.8

3
.5

3
.5



TU
B'
LE
 
2.

 
A
H
A
I
-
Y
S
E
S
v
O
F
l
S
T
R
E
l
l
H
^
S
E
D
I
H
E
H
T
 
S
A
H
P
t
E
S
 
F
B
O
H
 
B
A
B
B
O
O
B
S
 
C
R
E
E
K
 
A
K
D
 
S
H
A
H
V
E
R
S
 
EO

N 
H
I
L
D
E
B
N
E
S
S
 
S
T
0
0
Y

"
, 

no
t 

de
te
ct
ed
; 

<,
 
de
te
ct
eS
fb
ut
 
be

lo
w 

th
e 

li
mi

t 
of
 
de

te
rm

in
at

io
n 

sh
ow
n;
 
>,

 
de
te
rm
in

ed
 
to
 
be
 
gr
ea
te
r 

th
an

 
th
e^
Va
lo
e 

sh
ow

nV
j

S
aa

p
le

V
S
R
0
0
6
 

V
S
B
0
1
7
 

V
S
B
0
1
8
 

V
S
R
0
2
2
 

V
S
R
0
2
3

V
S
R
0
2
5
 

V
S
H
0
2
6
 

V
S
R
0
2
7
 

V
S
R
0
2
8
 

V
S
R
0
3
0

V
S
B
0
3
1
 

V
S
R
0
3
2
 

V
S
R
1
0
5
 

V
S
R
1
0
6
 

V
S
B
1
0
8

V
S
B
1
0
9
 

V
S
B
1
1
4
 

V
S
R
1
1
5
 

V
S
B
1
3
4
 

V
S
R
1
3
5

V
S
R
1
3
7
 

V
S
R
1
U
1
 

V
S
R
1
5
0
 

V
S
R
1
5
1
 

V
S
R
1
5
5

U
tn

 
x

5
7

0
,8

6
0

 
5

7
3

,0
9

0
 

5
7

3
, Q

U
O

 
5

7
3

, 3
40

 
5

7
3

,3
9

0

5
7

8
,7

0
0

5
7

9
,1

9
0

5
8
0
,0

0
0

5
8
0
,7

2
0

5
8
0
,5

0
0

5
8
1
,8

5
0

5
8
2
,8

8
0

5
6
9
,7

4
0

5
6

9
,7

0
0

5
6

8
,8

5
0

5
6
8
,8

8
0

5
6
9
,2

4
0

5
7
0
,9

6
0

5
6
9
,5

1
0

5
6
9
,1

4
0

Ut
n 

y

4
,
1
6
3
,
1
8
0

Fe
-p

ct
. 

Hg
-p
ct
. 

Ca
-p

ct
. 

Ti
-p

ct
. 

Hn
-p

pn
 

Ag
-p
pm
 

B-
pp
m 

Ba
-p
pn
 

Be
-p
pm
 

Co
-p

pn
;]

^'
 'S

 - :
;- -

 ':-
. --

;  :
- 

s 
-- 

'" 
s 

,;:
:!;

 
s 

s 
.,-.

 
&.

:*i
-:
\^
-.
. 

s 
s 

/ 
. 
s 

--v
 

:-
,-
.s
 

,--
i

4
,
1
5
9
,
0
5
0
 

4
,
1
6
0
,
8
8
0
"

4
,
1
6
3
,
4
7
0

4
,
1
6
4
,
8
9
0

4
,
1
5
9
,
2
8
0

4
,
1
6
0
,
3
7
0

:2
.i . 7

,1
.1 .7

 
.5

5
6
9
,7

6
0

5
7
0
,1

3
0

5
7
7
,5

5
0

5
7
9
,5

0
0

5
8
1
,2

8
0

4
,1

6
2
,5

0
0

4
,1

6
2
,7

1
0

4
,1

5
9
,9

2
0

4
,1

6
0
,2

7
0

4
,1

6
2
,0

1
0

1
.5

2
.0 .2 .7 .5

.1
5 

.0
2 

.0
7 

.1
0 

<
.
0
2

.0
5 

.0
5 

.0
3 

.0
3 

.0
2

.0
7 

.1
0 

:.
02
 

.0
5 

.0
2

.2
0 

<
.
0
5
 

<
.
0
5

.0
5 

<
.
0
5

.1
5

.0
2

<
.0

2
 

J
 0

3
 'M

'.'
 0

2S
;

.0
2

^
1

<
.0

2
. 

02
s"

.0
5

<
.0

5
X

.0
5

Bw
-':

.0
5;

;
|^r

<.
.o5

-:;
V

^
?d

5
"'

'

<
.0

5
-s

v 
-;-

 :. 
05

"

.0
5 

,0
5 

,0
5 

,0
5

<
.
0
5

.0
5

.0
5

<
.
0
5

<
.
0
5

<
.
0
5

.3
0 

.1
0 

.2
0 

.2
0 

.1
0

.3
0 

.1
0 

.0
5 

.1
0 

.1
0

.0
7 

.1
0 

.1
0 

.2
0

'>
15
J

.2
0 

.1
5 

.1
5 

.2
0 

.1
5

.1
5 

.2
0 

.1
0 

.2
0 

.1
0

1
,
5
0
0

70
0

1
,
0
0
0

1
,
0
0
0

15
0

50
0

7
0
0

30
0

70
0

20
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

3
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

1
5
0

2
0
0

2
0
0

  3
0v

.-
y«

if
/a

p^
ii

k-
|"

;1
0f

|^
|

Y
S
R
1
5
6

5
8
1
,
5
9
0
 

4
,
1
6
2
,
3
7
0

1.
5

.0
7

<
.
0
5

.2
0

1
,
0
0
0

3
0
0

10
0

1.
0

10



T
A
B
L
E
 
2.

 
A
M
A
l
Y
S
E
S
 
OF

 
S
T
R
E
A
H
-
S
E
D
I
M
E
B
T
 
S
A
M
P
L
E
S
 
FR

OM
 
H
A
R
B
O
U
R
S
 
CR

EE
K 

AN
D 

S
H
A
H
Y
E
R
S
 
RU
N 

tf
lL
DE
RB
ES
S 

ST
UD

Y 
IR

EA
S,

 
C
R
A
I
G

"' 
iP

ii
ll
li

P^
^^

^^

Sa
mp

le

YS
B0

06
 

VS
R3

17
 

YS
RD

18
 

VS
R0
22
 

VS
R0
23

VS
R0

25
 

VS
R0
26

 
YS
R0
27
 

YS
R0

28
 

YS
R0
30

VS
B0
31
 

YS
RD

32
 

V
S
R
1
0
5
 

VS
R1
06
 

YS
R1
08

YS
R1

09
 

VS
R1
14
 

VS
R1
15

 
VS
R1
34
 

YS
R1
35

VS
R1
37

VS
R1
50
 

VS
R1
54

 
VS
R1
55

H
b
-
p
p
i

? 
H
i
-
p
p
a
 

P
b
-
p
p
m
 

S
c
-
p
p
n
 

Sr
-p
p«
 

V-
pp

ai
 

Y-
pp

n 
Zn
-p
pn
 

Z
r
-
p
p
m
 

Zn
-p

pn
 

i 
U
-
i
n
s
t
 ;

Cu
-p

pm
 

L
a
-
p
p
n
 

Mo
-p

p»

30
 

30
 

<5
5 7

7
<5
N N <5

1
0
0

1
0
0 10 15 2
0

7
0

10
0

<1
0 20 15

30
0 

10
0

2
0
0
 

1
5
0

N 
23
0

N 
20
0

H 
15
0

41
0

2U
O US ao 65

V
S
R
1
5
6

<5
10

15
70

15
N

1,
OD
O

35


